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[57] ABSTRACT 

An hermetic seal 10 for a linear rod 12 having a portion 
thereof projected axially through a port 20 defined in a 
wall for a pressure chamber 14 and supported thereby 
for omni-directional motion. The seal is characterized 
by a resilient, impervious, cylindrical body having a 
first section concentrically related to the shaft and inte- 
grally affixed thereto comprising a linear ordered array 
of annular flutes 22, a second section integrally affixed 
to the wall of the chamber and concentrically related to 
the port comprising a second linear ordered array of 
annular flutes 24, and a third section interposed between 
said first and second sections and integrally affixed 
thereto in coaxial alignment therewith comprising an 
annular ordered array of linear flutes 26 concentrically 
related to the shaft, whereby axial, angular, and pivotal 
motion of the rod is accommodated. 

1 Oaim, 3 Drawing Figures 
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HERMETIC SEAL FOR A SHAFT 

ORIGIN OF THE INVENTION 

The invention described herein was made in the per- ^ 
formance of work under a NASA Contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics & Space Act of 1958, Public Law 85-568 
(72 STAT 435; 42 U.S.C. 2457), 

BACKGROUND OF THE INVENTION 

The invention generally relates to hermetic seals for 
fluid pressure chambers and more particularly to an 
hermetic seal for a movable shaft projected axially into 
a vacuum chamber for a high-vacuum spectrometer. 

DESCRIPTION OF THE PRIOR ART 

As can be appreciated by those acquainted with the 
field of sample-insertion accessories for high-vacuum 
spectrometers, it has been found difficult to design and 20 
fabricate insertion hardware having a capability for 
very precise angular rotation during the analysis of 
samples supported in a high-vacuum environment. 

Heretofore, it has been common practice to accom- 
modate rotation of insertion hardware or sample hold- 25 
ers, in a vacuum chamber or system, through a use of 
O-ring seals and the like. Unfortunately, because O-ring 
seals necessarily are in close proximity to the samples, 
during the heating thereof, the presence of the O-ring 
elastimer tends, to contaminate the environment for 30 
specimens supported by the sample holder, due to at- 
tendent out-gassing of the elastimer. Also, as is well 
known, O-ring seals also tend to fail at cryogenic tem- 
peratures. 

Consequently, there exists a need for a vacuum seal 35 
capable of accommodating sample-insertion accesso- 
ries, such as a sample holder affixed at the projected end 
of a shaft-like member, for supporting the mount, in the 
absence of communicating sources of sample-con- 
taminating matter. 40 

A novelty search conducted for the invention herein- 
after more fully described and claimed resulted in the 
following patents being discovered. 

U.S. Pat. No. 2,867,124— Quiroz— Jan. 6, 1959 
U.S. Pat. No. 3,004,439— T. N, Ross— Oct. 17, 1961 . 45 
U.S, Pat. No. 3,289,484— Archer et al — Dec, 6, 1966 
U.S, Pat. No. 3,478,607— Arbeitlang— Nov. 18, 1969 
U.S. Pat. No. 3,664,202— Metzger— May 23, 1972 
U.S, Pat. No. 4,030,615 — Guggi et al — June 21, 1977 
U.S. Pat. No. 4,058,018— Lauper— Nov. 15, 1977 50 

While all of the patents discovered in the search gen- 
erally relate to seals for motion transmitting devices, it 
is believed that the patent to Lauper U.S. Pat. No. 
4,058,018 discloses a pressure compensated flexible bel- 
lows structure which most closely resembles the struc- 55 
ture embodying the principles of the insfant invention. 

However, it is believed to be important that it be 
noted that the device disclosed by the patentee Lauper 
comprises a bellows structure having a collapsable wall 
portion adapted to be used as a pneumatically sealed 60 
protective cover for a movable member, such as a recip- 
rocally mounted rod. The cover comprises an axially 
collapsable section comprising a bellows fabricated 
from a series of longitudinally spaced annular convolu- 
tions and an axially fluted center section. These sections 65 
are integrally joined in end-to-end relation in order to 
provide for pressure compensation resulting from axial 
collapse of the convolutions. The axially collapsable 
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section and the axially fluted center section are confined 
within a uniform diameter and are so relatively propor- 
tioned that the sections define or enclose internal cham- 
bers having substantially the same volumetric capacity. 
Hence, when the ends of the bellows are moved toward 
each other, the convolutions of the axially collapsable 
section will be compressed and the flow of entrapped 
fluid is established from the end sections into the axially 
fluted center section with the result that the volumn in 
the axially fluted center section will be increased under 
increasing pressures. The flutes of the center section 
expand radially in order to compensate for changes in 
internal pressure without concern being given to mat- 
ters relating to an application of torque or a communi- 
cating vacuum environment. Consequently, it is be- 
lieved that the patentee Lauper does not suggest the 
concept or structure of the instant invention, not with- 
standing the apparent similarity in the structure em- 
ployed. 

The patent to Quiroz discloses a sealed device for 
transmitting partial rotary movement from a driver to a 
driven member, with a minimum amount of friction, 
and includes ,a resilient member adapted to accommo- 
date tortional movement. 

The patent to Ross discloses a micro-manipulator 
including a protective bellows by means of which a 
lever may be moved for causing an associated needle to 
perform identical movement, of smaller amplitude. 

The patent to Archer et al discloses a leak-tight trans- 
mission including a diaphragm. 

The patent to Arbeitlang discloses a device for use in 
the transmission of rotary motion, including a sealed, 
flexible bellows rigidly secured to the housing for en- 
closing a shaft. 

The patent to Guggi et al discloses a bar passing 
through a bellows which serves to seal a high-vacuum 
chamber. 

Finally, the patent to Metzger discloses a tortion tube 
having a shaft disposed concentrically thereof and se- 
cured at the closed end therefor; the tube is character- 
ized by cavities which serve to reduce the strength of 
the wall. 

In summary, it is believed that while the patent to 
Lauper discloses a structure similar in appearance to the 
embodiment of the invention hereinafter disclosed and 
claimed, the patented device is not intended, nor is it 
seen that it can be made to function in the manner or for 
the purpose for which the claimed embodiment of the 
invention hereinafter more fully described is intended. 

It is therefore the general purpose of the instant in- 
vention to provide an hermetic seal for a shaft-like body 
projected through an aperture of a pressure chamber 
and supported for omni-directional motion, said seal 
being adapted to sustain both elevated and reduced 
temperatures, without altering the environment estab- 
lished within the pressure chamber. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is an object of the instant invention to provide an 
improved hermetic seal for a movable member pro- 
jected through an aperture defined in a wall having a 
pressure differential established thereacross. 

It is another object to provide an hermetic seal for a 
movable shaft projected into a pressure chamber capa- 
ble of withstanding both high and low temperatures. 
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without adversely affecting the environment within the 
pressure chamber. 

It is another object to provide a temperature resistant 
hermetic seal for a specimen-holder rod having an end 
portion projected through a port defined in a pressure 5 
chamber for a high- vacuum spectrometer, said seal 
being adapted to support an angularly: displaceable 
mount for a sample holder disposed within the chamber 
and to accommodate onini-directional motion as it is 
imparted to the shaft. 10 

These and other objects and advantages are achieved 
through the use of an hermetic seal having a capability 
for supporting a linear shaft with a portion thereof pro- 
jected axially through a port defined in a wall defining 
a vacuum chamber and supported by the seal for omni- 15 
directional motion comprising an imipervious tempera- 
ture resistent cylindrical bellows having a first section 
concentrically related to the shaft and integrally affixed 
thereto comprising axially deformable linear bellows or 
an array of annular flutes, a second section integrally 20 
affixed to the wall and concentrically related to the port 
comprising an axial deformable linear bellows or ah 
array of annular flutes, and a third section interposed 
between said first and second sections and integrally 
related thereto in coaxial alignment therewith, compris- 25 
ing an angularly deformable annulkr array of linear 
flutes concentrically related to said shaft. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view depicting an hermetic 30 
seal which embodies the principles of the instant inven- 
tion for a sample-holder rod schematically shown as 
being inserted into a chamber. 

FIG. 2 is a cross-sectional view of the seal shown in 
FIG. 1. 35 

FIG. 3 is a cross-sectional view taken generally along 
lines 3-^3 of FIG. 2. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT ^ 

Referring now to the drawings, with more particular- 
ity, wherein like reference characters designate like or 
corresponding parts throughout the several views, 
there is shown in FIG. T an hermetic seal, generally 
designated 10, for a displaceable rod, 13,. 45 

coupled with a chamber 14. i 

It here is important to note that the rod 12, as illus- 
trated, coinprises a sample-holder including a sample- 
holder mount 16 affixed at one end thereof. As schemat- 
ically illustrated, the mount 16 is disposed wkhin the 50 
chamber 14, which, as shown, represents a vacuum 
chamber for a spectrometer. Since the spectrometer 
forms no part of the claimed invention, a detailed de- 
scription thereof is omitted. However, such a chamber 
may be found in an ESCA-electron spectrometer, often 55 
used for chemical analysis. In any event, it is important 
to note that the sample-holder rod 12 must be capable of 
transmitting angular motion to the mount 16, whereby a 
sample holder, not shown, affixed to the mount, may be 
rotated or angularly displaced for purposes of examina- 60 
tion and analysis. The particular manner in which the 
sample-holder rod 12 is actuated may be manual, me- 
chanical, dr otherwise. For purposes of illustration, a 
rod actuator 18 is schematically illustrated in coupled 
relation with the sample-holder rod 12. However, the 65 
actuator 18 also forms no part of the claimed invention. 

In any event, it is important to note that the seal 10 is 
readily employable in other environments in combina- 
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tion with other structures and is not limited in its use to 
a sample-holder rod in combination with a vacuum 
chamber. 

However, as shown, the seal 10 comprises an her- 
metic seal connected in communication with a port 20 
for the chamber 14. The purpose of the port 20 is to 
receive the sample-holder rod 12 and the purpose of the 
seal 10 is to preclude a pressure drop from occuring 
through the port 20. 

The seal 10 generally is of an elongated cylindrical 
configuration and is formed of resilient sheet metal 
stock. Preferably, the sheet metal stock comprises a 
low-yacuum compatible material, such as nickel alloy. 
In practice, the seal includes a first axially deformable 
bellows defined by a linear array of flutes 22, a second 
axially deformable bellows defined by a linear array of 
flutes 24, and an angularly deformable annular array of 
linear flutes 26 interposed between the flutes 22 and 24 
and integrally connected thereto. 

In practice, the first array of flutes 22 is provided 
with a suitable collar 28 integrally affixed to the rod 12, 
as by welding or the like, while a collar 30 is provided 
for connecting the array, of flutes 24 to the wall of the 
chamber 14 in coaxial relation with the port 20. 

The annular array of linear flutes 26 is interposed 
between the arrays of flutes, designated 22 and 24, and 
is integrally connected in coaxial alignment therewith. 
As a practical matter, heliarc welds are employed for 
purposes of connecting the collar 28 to the shaft 12, the 
collar 30 to the array of flutes 24 and the walls of the 
chamber 14, as well as for interconnecting the arrays of 
flutes designated 22, 24, and 26 into an integral compo- 
nent. 

Since the particular techniques employed in forming 
the flutes and interconnecting them into an integral unit 
form no particular part of the instant invention, and are 
varied as desired, a detailed description of these tech- 
niques also is omitted in the interest of brevity. 

Furthermore, while it is desirable that the material 
from which the seal 10 is fabricated be sufficiently rigid 
to impart lateral stability to the sample-holder rod 12, it 
is important that the seal serve to accommodate angular 
displacement of the mount 16 for facilitating an analysis 
of samples supported thereby. Of course, the length of 
the flutes 26 of the annular array of linear flutes tend to 
dictate the extent to which angular displacement of the 
sample-holder rod 12 is accommodated, while the num- 
ber and size of the annular flutes 22 and 24 tend to 
dictate the limits of axial displacement for the rod 12. 
However, it also is to be understood that other factors 
including the characteristics of the materials used in 
fabricatihg the seal are of significance. The annular 
flutes 22 and 24 expand axially to accommodate a fore- 
shortening of the flutes 26, as these flutes angularly are 
deformed in response to angular displacement imparted 
to the shaft 12 as the mount 16 is rotated in the chamber 
14. For example, the rigidity of the material employed 
and the diniensions of the seal must be such that the 
elastic limits of the material is not exceeded in response 
to the rod 12 being angularly displaced to the limits of 
its required throw. Finally, the bellows or annular flutes 
24 must accommodate Omni-directional pivotal motion 
as it is imparted to the rod 12. 

OPERATION 

With the seal 10, and sample-holder rod 12 mounted 
in a manner as depicted in FIG. 1, the rod 12 is prepared 
for angular displacement about a first axis passing axi- 
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ally through the port 20, as well as for pivotal motion 
about a pivotal axis normal to the first. Where the seal 
10 is employed in connection with a spectrometer of the 
type hereinbefore mentioned, the chamber 14 comprises 
a chamber within which a sample is subjected to X-ray 5 
bombardment in a vacuum as low as 10~ atmospheres 
(A.T.M.) or 10-9 torr. Preferably, the seal 10 accom- 
modates angular displacement of the sample-holder rod 
12 through approximately 45“ for thus imparting angu- 
lar displacement to the mount 16 for a sample-holder 
bearing a specimen to be analyzed. 

As angular displacement is imparted to the sample- 
holder rod 12 the flutes 26 are angularly deformed, that 
is to say the linear flutes are twisted for thus causing the 
array of flutes 26 to be foreshortened. Due to the fore- 
shortening effects of the twisting of the array of flutes 
26, the flutes 22 and 24 elongate and thus expand axial, 
but opposite directions, for accommodating the fore- 
shortening of the flutes 26. Since the material from 2 q 
which the seal 12 is formed is deformed within its elastic 
limits the seal returns to its initial shape in response to 
removal of torque from the shaft 12. Similarly, the seal 
resiliently accommodates pivotal motion of the rod 12. 

It should therefore be apparent that the seal of the 25 
instant invention comprises a practical solution to the 
problems heretofore encountered by those engaged in 
the design and fabrication of hermetic seals for use in 
accommodating insertion of rods such as sample-holder 
rods and the like into high-vacuum chambers which, in 30 
operation, may be subjected to temperature changes 
within an extended range, all without adversely effect- 
ing the environment established within the chamber. 

What is claimed is: 

1. An hermetic seal for sealing an aperture defined in 35 
a wall having opposed first and second faces and a shaft 
axially extended through the aperture and supported by 
the seal for simultaneous pivotal, angular, and linear 
motion, comprising: 
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A. an impervious, substantially tubular body concen- 
trically receiving said shaft in supporting relation 
therewith having a first end affixed to the first face 
of the wall in sealed relation therewith and a sec- 
ond end affixed to said shaft in sealed relation 
therewith, said second face of said wall being in 
communication with the interior of said body 
whereby said aperture is sealed by said body; and 

B. means for accommodating simultaneous angular, 
linear and pivotal motion of said shaft including 
means for accommodating linear motion of said 

shaft relative to said aperture comprising a first 
linear array of radially and axially deformable 
annular flutes defined in said tubular body adja- 
cent to the first end thereof, and a second linear 
array of radially and axially deformable annular 
flutes defined in said tubular body adjacent the 
second end thereof, 

means for accommodating angular motion of said 
shaft comprising an annular array of angularly 
deformable flutes concentrically related to said 
shaft extended axially between said first and 
second linear arrays of deformable annular 
flutes, 

means for accommodating pivotal motion of said 
shaft comprising said first linear array of radially 
and axially deformable annular flutes, whereby 
angular motion imparted to said shaft causes said 
linear flutes to be angularly deformed and fore- 
shortened and said annular flutes to be axially 
elongated and radially contracted for accommo- 
dating the foreshortening of said flutes, linear 
motion imparted to said shaft causes said first 
and second arrays of annular flutes to be axially 
and radially deformed, and pivotal motion im- 
parted to said shaft causes said first array of 
annular flutes to be axially and radially de- 
formed. 

4 * 4t « « 
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